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ABSTRAcr

An ~perimenta.l Integrated Pe~t M~ageme.nt (!PM) program was developed to reduce the use of pesticides

m me greenhouses at the Uruverstty of Mmnesota, Morris. Six predatory or parasitic insect species were
released to control populations of aphid, scale, mealybug, thrips, whitefly, and spider mite. Beneficial insect
populations wer~ su ppleme~ted several times. Pest and beneficial insect populations were monitored weekly
f~.r one' year. :\o pest s~Cles ~~ eliminated but all except scale were effectively controlled. Aphid and
v.·rutefl~ control was effecl!ve wttlun the first two months; control of the other pest insects took from 5 to 6
~onth.s to a year. _;\11 pest insect population densities other than spider mite attained maxima at separate times
aunng the year and each beneficial insect population tended to attained a maximum slightly after its host or
prey populauon. The program is cost effective and additional greenhouse employees are being instructed so
the program can be continued.

L'TRODt.iCTION

integrated Pest Management (!PM) combines
various methods of insect pest control in a way that is
the least harmful to plants and other organisms in the
em irorunenL A.n IP Iv1 program usually involves the
use of chemical pesticides, beneficial insects
(preda·orv or parasitic), and cultural control methods;
i rrus use some combination of these. For example,
before introdu cing a moderate population ofbeneficial
i.nseas it mav be necessary to decrease a pest
pop ation from overwhelming numbers to a
moderate size v.ith pesticides so that beneficial insects
v. be effea.ive in controlling it Mechanical methods
ITl.ay ;.lso have a role in doing this: using an oil or
water sprav or hand removal. Methods vary with the
rype of insect pest that is present.
IP\f programs are specific to the site where they
are developed Although several insect pests are
coffiillon in many greenhouses, each institution that
implements an IPM program may have some different
inseas and many different plants to deal with.
Designing such programs requires background
tmow !edge o' ir1.sects and plants and the ability to be
creative and fleXJ.ole. Implementing the program calls
for patience as some beneficial insect populations may
establish: mhers may not.
Because IPM includes
maintenance of self-sustaining populations of

beneficial insects, it is important that once
implemented, the program is continued. This means
that plants should be monitored often and that new
employees must be trained in the techniques used. A
long term !PM program is ineffective if it is not well
designed, properly carried out, and firmly established
(a process that may take months).
!PM programs require information and experience
to be successful. Information sources about !PM that
were helpful include Davidson (1987), Metcalf and
Metcalf (1993), and Van den Bosch and Messenger
(1973). This paper summarizes implementation of a
successful !PM program at the University of Minnesota
Morris (UMM). The project consisted of three phases:
initial education and planning, establishment of
biological controls, and evaluation. A brief dicussion
of the _continuation of this project as an ongoing !PM
program is included.
The !PM program for the UMM greenhouses was
started in August, 1992. It was designed for two
greenhouses, the greenhouse headroom, and the
conservatory and its adjoining hallway.
The
greenhouses are attached to the greenhouse
headroom and these are connected to the
conservatory by a 20 m hallway. The area of the
greenhouses and greenhouse headroom are about 6o
m 2 and the circular conservatory has an area of 122
m 2. One greenhouse contains mostly succulents and
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cacti. The other has a wide variety of species; most
are relatively common greenhouse planrs and some
are crop planrs used for class experimenrs or faculty
research. These potted planrs are kept on benches
that run the length of the greenhouses.
The
conservatory contains exotic and rare plant species
that are planted in the ground, in pars, or in hanging
baskers. Many of these are much larger than the
greenhouse planrs (For example, there are four Musa
x paradisiaca planrs and a 4.6 m tall South African
Strelitzia reginae).
MATERIAlS AND METHODS

At the ourset of the program, an inventory was
taken of all the pest insecrs present in the greenhouses
and of the pesticides used to control them. Insect
populations were measured in unirs of insecrs per leaf.
A record of the controls being used at the time was
These included the pesticides
made (Table 1).
Malathion, Captan, Benlate, Resmethrin, Kelthane,
Orthene, and insecticidal soap. Insecticidal soap was
used most frequently because insecrs apparently
cannot build up a resistance to it and it has minimal
effects on humans. The others were used on a
rotational basis once per week on badly infected
planrs.
It was decided that biological controls alone
would be used in the conservatory. A combination of
pesticides and insect controls would be used in the
greenhouses (Table 2). This allowed the spraying of
planrs that have a short growing period, such as crop

planrs, those used in faculty projecrs or instructional
labs, or potted planrs on which the biological controls
have failed to work. Planrs in the conservatory that
became very badly infected were spot-sprayed with
insecticidal soap. Potted planrs were removed to the
greenhouses for spraying if the problem became
uncontrollable.
Beneficial organisms were first introduced to the
conservatory on August 27, 1992. This release included
500 Encarsia formosa, 500 Hippodamia corwergent,
and 1000 Chrysoperla camea eggs; the numbers
introduced were based on information in Elliot and
Steiner (1987). Encarsia was also introduced into the
greenhouses. On September 3, 1992, an additional
1000 Hippodamia were released, and 3000
Phytoseiulus perstmilis, a spider mite predator, were
introduced.
On February 10, 1993, several more
predators were added: 1000 Apbidoletes aphidimyza
for aphid control, 100 metaphycus helvolus as a
parasite of soft scales, and 100 mealybug predators,
Cryptolaemus montrouzierl.
Some of these
Metaphycus and Cryptolaemus were introduced into
the greenhouses. This introduction was repeated a
few weeks later on March 10, with the additional
release of 2000 Phytoseiulus persimilis. One female
and four male finches were introduced into the
conservatory as well; it was hoped that they would
On May 19, final
contribute to scale control.
supplementations were made of 250 Aphidoletes, 100
Cryptolaemus, and 2000 Phytoseiulus because pest
populations used by these beneficial organisms had

Table 1. Chemical and biological control of plant pests.
Pest

Chemical Control

Biological Control

Aphid

Insecticidal Soapt
Orthene
Mavrik
Resmethrin
Mavrik
Orthene
Insecticidal Soap
Orthene
Insecticidal Soap
Orthene
Kelthane

Aphidoletes aphidimyza
Hippodamia convergens
Chrysoperla camea
Encarsia formosa

Diptera:
Chironomidae
Coleoptera: Coccinellidae
Neuroptera: Chrysopidae
Hymenoptera: Braconidae

Cryptolaemus montrouzieri

Coleoptera:

Metaphycus belvolus

Hymenoptera: Encyrtidae

Phytoseiulus persimilis

Homoptera: Tetranychidae

Malathion

Chrysoperla camea

Neuroptera: Chrysopidae

Whitefly

Mealybug
Scale
Two-spotted
spider mite

Coccinellidae

t Insecticidal Soap = potassium salts of fatty acids.
Resmethrin = Resmesthrin[5-(phenylmethyl)-3-furanyl]methyl 2,2-dimethyl-3-(2-methyl-1-propenyl) cyclopropanecarboxylate.
Orthene = acephate (O,S-dimethyl acetylphosphoramidothioate).
Mavrik = (alpha-RS, 2R)-fluvalinate [(RS)-alpha-cyano-3-phenoxybenzyl (R)-2-[2-chloro-4-trifluoromethyl) anilino]-3-methylbutanoate.
Malathion = 0,0-dimethyl dithiophosphate of diethyl mercaptosuccinate.
Kelthane = 1, 1-Bis(chlorophenyl)-2,2,2-trichloroethanol.
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Table 2. Inventory of pest infestations before and after introduction of beneficial insects.
Pest
Infestation Rate
Plant

Species

Initial

Final

insects leaf" 1 .01
0.01
.001
.001
4
15
20
50
0.0
10
.01
1 to 2
2 to 4
.02
.01
3
30
5
30
3
20
1
1
5
0.0
15
11 to 20
0.01
100
400
-

Musa x paradisiaca

Banana
Cacti spp.
Umbrella Plant
Bird of Paradise
Columnea
Orchid
Cycad
Boston fern
Bean
Hibiscus
Hibiscus
Geranium
Water lily
Frangipani
Trumpet Vine

Cyperus a/ternifolius
Strelitizia reginae
Columnea
Streobilantbus dyanerub
Cycas revoluta
Nepbrolepsis multiforma
Pbaseolus vulgaris
Hibiscus rosa-sinesis
Hibiscus mutabilis
Perlargonium x bortorum
Taro sp.
Piumeria rubra
Campsis radicans

Dombeya

Dombeya rotundifolia

mealybug

Homoptera Pseudococcidae

scale

Homoptera Coccidae

aphid

Homoptera Aphididae

whitefly

Homoptera Aleyrodidae

thrips
two-spotted
spider mite

Homoptera Thripidae
Homoptera Tetranychidae

increased
significantly with
the
increasing
temperatures and daylengths of spring.
Pest and beneficial organism populations were
monitored every two weeks throughout the project.
Data recorded for each plant were location of the
plant, plant name, parasitic insects, average pest
population per leaf, and comments (for example, had
the plant been sprayed recently?; were the insects
mostly adults, larvae, or eggs?; were any beneficial
insects present?). Beneficial insects were monitored in
the same way. Insect populations were recorded as
insects per leaf. They were determined by examining
6 to 10 leaves on small plants and 15 to 25 leaves on
large plants, and then taking the mean population for
all leaves.
Some large plants were monitored
qualitatively if pest insects were extremely small (for
example, Campsis radicans). A conversion factor was
made for these plants so the data could be analyzed
quantitatively. On very large plants an effort was
made to examine leaves from several branches.
A few of the beneficial organisms were extremely
small and difficult to see. In those cases it was easiest
to determine their effectiveness by monitoring the
population levels of the pest insect upon which they
preyed.
At the end of the project, beneficial organisms
were assessed for pest control efficiency. Our goal
was not to eliminate the pests but to establish a
balance between the beneficial and pest populations.
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5 to 10

20

If pest populations remained below an economic
threshold level (Bum, et. al., 1987 ), the beneficial
organism was determined to be effective.
Pest
populations that did not stunt plant growth or
otherwise damage the plant health were considered
below the threshold level.
REsULTS

The initial pest insect population survey showed
that aphids had the largest population numbers: 60
aphids leaf-1 on Hibiscus rosa-sinesis in the
conservatory; 15 to 20 aphids leaf- 1 on Taro sp. in the
South greenhouse; and 30 aphids leaf- 1 on Phaseolus
(Table 2). In the West Greenhouse, whitefly populations were greatest, especially on Pelargonium x
hortorum (5 whiteflies leaf-1) and Hibiscus mutabilis
(20 whiteflies leaf- 1). Mealybug were apparent on
most cacti species (10-3 mealybugs leaf- 1) and on
Columnea (2 mealybugs leaf- 1).
The mealybug
populations averaged about 2 leaf- 1 on the orchid
Streobilanthus dyanerub. The ferns and cycads were
infested mostly by scale-Nephrolepsis multiflora had
3 scale leaf- 1 and the cycad Cycas revoluta had 2 to 4
scale leaf-1. The spider mite population was especially
high on Campsis radicans (100 spidermites leaf- 1).
In June, 1993, we evaluated the effectiveness of
the beneficial insects in controlling the pest
populations. The most successful controls established
were Aphidoletes and Encarsia formosa; Encarsia had
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Table 2. Inventory of pest infestations before and after introduction of beneficial insects.
Pest
Infestation Rate
Initial

Species

Final

insects leaf" 1
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x paradisiaca

mealybug

Homoptera Pseudococcidae
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Cyper.AS aJJernifolius
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Columnea

scale

Homoptera Coccidae
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Homoptera Aleyrodidae
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Be4..::l
~.I:>o:;.c-us
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C.e:-~..::-:.
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Cycas revoluta
.'.;epbrolepsis multiforma
Pbaseolus vulgaris
Hibisc us rosa-sinesis
Hibiscus mutabilis
Per'..argonium x bortorum
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P.~ meria rubra
CaYr.psis radicans

thrips
two-spotted
spider mite

Homoptera Thripidae
Homoptera Tetranychidae
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.01
.001
15
20
10
1 to 2
2 to 4
3
30
30
20
5
15
11 to 20
100

O.Ql

.001
4
50
0.0
.01
.02
.01
5
3
1
0.0
O.Ql

400
20

If pest populations remained below an economic
threshold level (Bum, et. al., 1987 ), the beneficial
organism was determined to be effective.
Pest
populations that did not stunt plant growth or
otherwise damage the plant health were considered
below the threshold level.
REsULTS

The initial pest insect population survey showed
that aphids had the largest population numbers: 6o
aphids leaf-1 on Hibiscus rosa-sinesis in the
conservatory; 15 to 20 aphids leaf· 1 on Tarosp. in the
South greenhouse; and 30 aphids leaf· 1 on Phaseolus
(Table 2). In the West Greenhouse, whitefly populations were greatest, especially on Pelargonium x
bortornm (5 whiteflies leaf- 1) and Hibiscus mutabilis
(20 whiteflies leaf-1). Mealybug were apparent on
most cacti species (lo-3 mealybugs leaf- 1) and on
Columnea (2 mealybugs leaf- 1).
The mealybug
populations averaged about 2 leaf· 1 on the orchid
Streobilantbus dyanerub. The ferns and cycads were
infested mostly by scale-Nepbrolepsis multiflora had
3 scale leaf·l and the cycad Cycas revoluta had 2 to 4
scale leaf·l_ The spider mite population was especially
high on Campsis radicans (100 spidermites leaf- 1) .
In June, 1993, we evaluated the effectiveness of
the beneficial insects in controlling the pest
populations. The most successful controls established
were Apbidoletes and Encarsia formosa; Encarsia had
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been introduced into both the Conservatory and the
greenhouses. Pest and beneficial insect populations
tended to reach maxima at different times, usually with
the host population maximum and slightly preceeding
that of its associated predator or parasite; an example
of this is shown in Figure 1. The numbers on the axes
are roughly the same but not exact because beneficial
insect populations were not always monitored on the
same day the the pest insects. only the spidermite
115

populations reached maxima simultaneously with two
other species (aphid and whitefly).
When biological control was first introduced in
the conservatory, the aphid population was extremely
large on Hibiscus rosa-sinesis (30 aphids leaf-1) . The
population has been reduced by first Hippodamia and
then Apbidoletes to an average of 3 aphids leaf- 1
(Figure 2). Hippodamia population numbers are
excluded from the graph because use of this predator
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Figure 1. Comparison of whitefly and the parasite Encarsia populations during the project. Time in days
refers to the day number of the project beginning with the day of the initial pest monitoring.
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Figure 2. Change in aphid population levels in the conservatory after the introduction of Hippodamta
convergens and Apbidoletes apbtdimyza. Time in days refers to the day number of the project beginning
with the day of the initial pest monitoring. The significant reduction in aphid numbers was due to the
introduction of Hippodamta on Day 84. Apbidoletes was introduced on Day 223 and has kept the aphid
population below 5 aphids leat-1.
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Figure 3. Graphs comparing mealybug and Cryptolaemus populations in the conservatory during the
project. Time in days refers to the day number of the project beginning with the day of the initial pest
monitoring.
was discontinued after September, 1992. Hippodamia
dispersed very rapidly, and because we did not have
a screen door in the conservatory entrance, most of
them escaped. The aphid and Apbidoletes populations
seem to have balanced well. There are regular
fluctuations in the aphid population but the almost
constant Apbidoletes population shows that the
predator had no difficulty in maintaining control.
Surprisingly, Apbidoletes has also appeared on plants
in the greenhouses. It may have been carried there on
clothing or plants.
It has reduced the aphid
populations on several greenhouse plants, including
Pbaseolus (5 aphids leaf-1).
Figure 1 shows the correlation between whitefly
and Encarsia populations for the length of the project.
The initial small whitefly population in the
conservatory was eliminated by the introduction of
about one hundred adult Encarsia. The initial whitefly
population in the greenhouses, which averaged at
about 3 adults leaf- 1, was reduced to only w- 2 adults
leaf- 1, and 4 out of 5 eggs were parasitized. Encarsia
spread rapidly to all plants that had whitefly and has
been a very successful biological control. Currently,
all whitefly-infested plants have Encarsia on them and
we no longer spray for whitefly.
Mealybug and Cryptolaemus populations in the
conservatory for the duration of the project are shown
in Figure 3. The Cryptolaemus population slowly
increased and appears to have reached a maximum
just before the mealybug population did.
This
phenomenon may in part be accounted for by the
change in our monitoring system. Newer employees
in the greenhouse began doing monitoring and they
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may have been less efficient than ·experienced
observers. Also, the heating system was turned off
around the time the Cryptolaemus populations began
to decrease quite sharply. Cryptolaemus fare poorly
under cooler environments. Mealybug populations
were unaffected or reduced on the cacti species in the
West greenhouse, nor were they affected on the
banana trees in the conservatory. Tbe Cryptolaemus
seem to avoid the large flat, smooth surfaces of the
bananas; adults and larvae were rarely found there.
The least successful beneficial insect was
Cbrysoperla. The first shipment of Cbrysoperla
dispersed rapidly and successive generations
diminished in number. Large numbers of these insects
are needed for all-purpose control (they will eat
aphids, whiteflies, mealybug, thrips, mites, and
immature scale). Although they are good because of
the variety of insects they predate, it was easier to
keep track of insects that have a specific prey, so
Cbrysoperlae were dropped from the control program.
Pbytoseiulus was not very effective on some
plants. On the Dombeya tree, the spider mite
population actually increased by the end of the
project. The large initial population of spider mite
may have been too great for the beneficial organism to
control. Also, most Dombeya branches are near the
top of the conservatory and Pbytoseiulus may not have
survived the heat in this area.
Metapbycus, the scale parasite, was partially
effective. Metapbycus is extremely host-specific. In
fact, that was part of the problem with using the
beneficial predator for scale control. Metapbycus only
parasitizes soft scales; so some hard scales in the
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greenhouses are not being controlled. In addition, its
small size makes it difficult to monitor. Metapbycus
was partially effective, especially on the cycads Cycas
revoluta, Zamia fuifuracea, and Ceratozamia
me:xicana. The scale population was reduced from 4
insects leaf- 1 to I0-3 insects leaf-1.
DISCUSSION

There is no uniform method for establishing an
IPM program. Instead, IPM must be tailored to each
situation, depending on the pests, plants, and facilities
present. The University of Minnesota College of
Biological Sciences facility introduced Apbidoletes,
Cryptolaemus, and Encarsia, and used no pesticides
other than insecticidal soap.
The Minnesota
Arboretum has combined several inorganic pesticides
with biological controls. Our experience establishing
IPM at the UMM facilities shows the value of an
approach that is more efficient than simple trial and
error.
The approach also illustrates the value of IPM in
the context of college facilities, because education is
an integral and substantial part of establishing a
successful IPM program. This work began with
reviews of literature, several months of experience
working in the greenhouses, including routine care of
plants, initial surveys of pest populations and their
effects on plants, and then several weeks of full-time
work with experienced staff at other facilities. This
initial phase was crucially important for "shortening
the learning curve" and ensuring the efficient success
in our efforts at UMM. We were able to anticipate that
the second phase, establishment, would probably
require multiple introductions, that not all would be
equally effective, and that we would need both a
flexible and observant approach to treating different
pest problems as they arose, and a willingness to
accept some level of infestation. Our goal was to have
healthy plants, rather than a total eradication of all
pests. This second phase included not only learning
which beneficial insects would be most effective, but
also which suppliers could most reliably deliver
insects-not always a trivial consideration during
Minnesota winters! Our implementation of the third
phase, ongoing evaluation of the success of IPM
efforts, is integrally linked not only .with assessing the
results of prior releases of beneficial insects but also
with the education and training of other students that
come to work in the UMM facility; they learn to
recognize the various insects and their effect on the
different plants, and to to try more than one approach
to control the populations. Training of greenhouse
employees in the basics of IPM is essential for
continuation of a successful IPM program (Bechtol,
1989).
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Our experience leads to some recommendations
for change. For example, monitoring pest populations
for an entire year before initial release of beneficial
insects would have helped in the timing of release
because some pests increase in the spring (as new
plant growth begins) and in the fall (as plant vigor
decreases). Also, predatory benficial insects often do
not stay on an infected plant as long as parasitic
beneficial insects do; the beetles Cryptolaemus and
Hippodamia both dispersed after introduction. It
became necessary to add screen doors to the
conservatory to contain the latter after they were found
two floors up in the adjacent classroom building.
Introducing zebra finches to control scale (reported
successful by the University of Minnesota, Duluth
facilities) proved to be ineffective in our case, perhaps
because the birds had not learned to recognize scale
as a food. Instead, they consumed large amounts of
bird seed and reproduced rapidly, so that their nestbuilding activates put stress on the various grass-like
plants in the conservatory, which they tore apart with
enthusiasm. In particular, Phoenix reclinada and
Acjuilegia bensol have been damaged. The finches
also removed sphagnum moss in which several
epiphytes were growing. Despite these problems, and
although they are hardly beneficial for the plants, the
fmches are wonderfully and vocally cheerful and are
enjoyable to have. Because neither the finches nor
Metapbycus were successful at controlling hard scale
populations, and spraying with insecticidal soap is
effective only when the scale are dislodged first, the
most effective method of scale control has turned out
to be simply cleaning them off by hand. Our most
recent problem is with thrips, which we are trying to
control with Amblyseius cucumeris; this tiny mite
seems to be effective, but it is too early to draw
conclusions.
Insecticidal soap has been effective mainly in
preventing growth of pest populations. We have not
found it to be effective at reducing pest populations
unless the plant is sprayed frequently.
The UMM IPM program seems to be effective at
both pest control and education, but what about its
cost? While there is an initial cost for both education
and establishment, the continuing IPM program needs
to be no more costly than using pesticides, and it is
safer and healthier for personnel and plants. During
the first year of establishment, we spent about $530
(mainly for beneficial insects), and expect that the next
year will require adding some supplementary
beneficial insects at a cost of $130. We found that the
best way to instruct new employees on monitoring
methods has been to have them accompany an
experienced employee during insect monitoring, so
they learn the monitoring process as well as the
methods of control. Limitations on the number of staff
available during the summer is one of the main
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dra"rbacks , because we typically have only one
student worker who is then responsible for both
control and monitoring activities, as well as all the
other routine greenhouse tasks.
In summary, our experience establishing an IPM
program at UMM has been successful at both goals:
controlling pest insects and serving as part of the
undergraduate education program. It has done so in a
cost-e ffective manner, and serves as a general model
for establishing similar programs elsewhere.

SOURCES CITED

1.

2.

3.

4.

ACKNOWLEDGEMENTS

Preliminary studies for the UMM IPM project were
done by O'Reilly at the UMM facilities during the 199192 sch ool year. Six weeks were spent working in the
greenhouses at the University of Minnesota College of
Biological Sciences (CBS). O'Reilly also visited the
~ li nnesota Landscape Arboretum and the Minnesota
Zoo, w here well-established IPM programs are
underway. Work at the CBS facility included studies
of dispersal and aggregation of the mealybug predator
Cryptolaemus and of the effectiveness of cultural
controls for scale on cycad plants. Partial support for
this project came from the University of Minnesota
Lndergraduate Research Opportunities Program.
Gail Boe, UMM greenhouse manager, was
intimately involved in the development and budgeting
of our IPM program; she assisted greatly in insect
monitoring and in trammg new greenhouse
employees. The authors very much appreciated the
thoughtful advice of Jodi Fetzer, Minnesota Landscape
.-\.rboretu m, Chanhassen, MN, regarding IPM.

5.

6.

Bechtol, N. ]. 1989. Guidelines for establishing
an integrated pest management program. The
Public Garden. Qan.) p. 44-47.
Bum, A. ]., T. H. Coaker, and P. C. Jepson. 1987.
Integrated Pest Management. Academic Press.
New York, NY. 474 pp.
Davidson, R. H ., and W. F. Lyon. 1987. Insect
Pests of Farm, Garden, and orchard. John Wiley
and Sons. New York, NY. 573 pp.
Elliot, D. P., and M.Y. Steiner. 1987. Biological
Pest Management for Interior Landscapes. 2nd
Edition. Vegreville, AB. Alberta Environmental
Centre. 32 pp.
Metcalf, R. A. , and R. L. Metcalf. 1993. Destructive
and useful insects: their habits and control. 5th
edn. McGraw Hill Inc. New York, NY. 1016 pp.
den Bosch, R., and P. S. Messenger.
1973.
Biological Control. Intext Press, Inc. New York,
NY. 180 pp.

- ERRATA
In volume 59, issue no.4 the following corrections should be noted:

Ricke r!, D. H. , D. E. Kringen, and T. A. Machacek. Wetlands/ groundwater quality in agricultural
landscapes.
Page 19, col. 2, lines 22 and 23. Should read "...Corn yields average 5264 kg ha-l and soybean yields
average 1860 kg ha-1..."
Olness, A. ]. A. Staricka, ]. A. Daniel, G. R. Benoit, and]. L. Rinke. Relative soil aeration in a cultivated
prairie pothole
Page 38, Table 1, col. 1. Under Nitrogen, the third entry should be "... NH-N ... " rather than "... NO-N ... "
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